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ON THE  QUESTION OF THE STABILITY OF THE FLOW
OF FLUIDS.
[Philosophical Magazine, xxxiv. pp. 59—70, 1892.]
IT is well known that while Sir G. Stokes's theory of viscous flow gives a completely satisfactory account of what is observed in the case of capillary tubes, no theory at present exists to explain the complete change in the laws of flow which supervenes when the tubes are of larger diameter and the velocities not very small. Prof. Osborne Reynolds* has applied the theory of dynamical similarity to this question, and has shown both by theory and experiment that the change in the law of resistance occurs when cpw/fj, has a certain value, where c is a linear parameter such as the diameter of the tube, w is the velocity, ^ the coefficient of friction, and p the density. The conclusion is perhaps most easily reached by applying the method of dimensions to the expression for the ratio (P) of the difference of pressures at two points along the length of the tube to the distance between the points. The dimensions of this ratio are those of a force divided by a volume; and if we assume that it may be expressed in terms of vf (equal to /JL/p), c, p, and w in the form
tf> vv pz wn, we have the three relations
— 2 = x + *2y — Bz 4- n,    — 2 = — y — n,    \—z, so that
x — n — 3,    y = 2 — n,    z = 1, and
Poc v2 c~8 p . (cw I v)n............................(1)
Since n is here indeterminate, all we can infer from dynamical similarity is that
P = *<r+pf(cwlv),   ...........................(2)
where f is an arbitrary function.
* Phil. Trans. OMXIV. p. 935 (1883).
t Of which the dimensions are 2 in space and -1 in time.entirely arbitrary.
